A time-varying copula model is used to investigate the impact of the introduction of the Euro on the dependence between seventeen European stock markets during the period 1994-2003. The model is implemented with a GJR-GARCH-MA-t model for the marginal distributions and the Gaussian copula for the joint distribution, which allows capturing time-varying, non-linear relationships. The results show that, within the Euro area, market dependence increased after the introduction of the common currency only for large equity markets, such as in France, Germany, Italy, the Netherlands and Spain. Structural break tests indicate that the increase in financial market dependence started around the beginning of 1998 when Euro membership was determined and the relevant information was announced. The UK and Sweden, but not other European countries outside the Euro area, are found to exhibit an increase in equity market co-movement, which is consistent with the interpretation that these countries may be expected to join the Euro in the future. 
Introduction
The introduction of the Euro has been one of the most important events for global financial markets in the last decade. Hartmann (2000, 2002) and Perée and Steinherr (2001) show that the Euro has become one of the three major currencies in the world after its introduction, taking its place alongside the U.S. dollar and the Japanese yen. An immediate consequence of the adoption of the common currency has been the convergence of Euro-zone interest rates and the integration of fixed-income markets (Adjaouté and Danthine, 2003; Hartmann et al., 2003 ). Another important dimension of the elimination of exchange rate risk across countries within the Euro area, as a result of the adoption of a single currency, is its effect on the dependence or comovement of equity markets within the Euro area. The impact of the introduction of the Euro on the dependence of equity markets within Europe is an important issue with significant implications for portfolio diversification and thus asset management, risk management and international asset pricing.
To assess this impact of the Euro, this paper provides a comprehensive analysis of the financial market co-movement of 17 European countries during the period 1994-2003 using a new econometric methodology. 1 In particular, we directly assess financial market dependence or comovement across countries by estimating time-varying copula dependence models for stock market indices following the methodology of Patton (2006a) . As shown by Patton and explained in more detail in Section 3, copulas offer significant advantages over other econometric techniques in analyzing the co-movement of financial time-series, consisting in the fact that they can model dependence beyond linear correlation and provide a high degree of flexibility. In particular, marginal distributions and the joint distribution can be considered separately, while traditionally, either the marginals or the joint distribution are arbitrarily specified as normal distributions. Consequently, copulas have recently become increasingly popular in various finance applications, such as modeling default correlations for credit risk management (Li, 2000) , modeling portfolio allocations (Hennessy and Lapan, 2002) , pricing foreign exchange rate quanto options (Bennett and Kennedy, 2003) , pricing multivariate contingent claims (Rosenberg, 2003) , and modeling timevarying dependence (Patton, 2006a,b) .
Our paper contributes to the literature by proposing a more direct and general copula model for modeling time-varying dependence between the prices of financial assets. Specifically, the model uses a GJR-GARCH-MA-t specification for the marginal distributions and the Gaussian copula for the joint distribution. The dependence parameter in the copula function is modeled as a time-varying process conditional on currently available information, allowing for timevarying, non-linear relationships. The proposed methodology can be extended to a multivariate model, which is useful for portfolio and risk management. We successfully apply our timevarying copula model to the investigation of whether the introduction of the Euro was associated with a structural increase in the level of dependence between the equity markets in the Euro area.
We find an increase in equity market dependence in the Euro area after the introduction of the common currency, but only for relatively large markets, i.e. in France, Germany, Italy, the Netherlands and Spain. The increase in equity market dependence starts around the beginning of 1998, when Euro membership was determined and the relevant information was released. 2 Our results are consistent with related work that, while not based on statistical tests of structural changes, also provides some support for increased correlation among major European stock markets using Vector Autoregression, Constant and Dynamic Conditional Correlation and EGARCH analyses (Billio and Pelizzon, 2003; Melle, 2003; Cappiello et al., 2004; Savva et al., 2004; Berben and Jansen, 2005; Friedman and Shachmurove, 2005) .
Consistent with Bekaert et al. (2005) and Goetzmann et al. (2005) , who document a positive causality from market integration to market dependence, a likely source of the observed increase in equity market dependence around 1998 consists of the higher degree of integration between European financial markets and economies, although even without foreign exchange rate risk several remaining capital market imperfections, such as regulation, taxes, and transaction costs still prevent full integration. In particular, higher transaction costs and lower market liquidity are the main reasons that render smaller equity markets less attractive to institutional investors and thus represent important barriers to investment in and thus stronger co-movement of these markets. For non-Euro European countries, we find a rise in the dependence of the British and Swedish equity markets with the aggregate Euro-zone stock market, which is consistent with the interpretation that these countries may be expected to join the Euro in the future.
The remainder of this paper is organized as follows. Section 2 discusses integration and dependence of financial markets in general and in the context of the Euro in particular, and it develops the hypotheses about the impact of the Euro on financial market dependence. Section 3 presents time-varying copula methodology in general, while Section 4 explains the implementation of the models used to test the hypotheses. The data used for the empirical analysis is presented in Section 5. Section 6 presents the empirical analysis and discusses the results. Finally, conclusions are stated in Section 7.
Integration and Dependence of European Financial Markets
The integration and dependence of financial markets has long been an issue of interest to financial economists in academia and investment practice alike, as it has consequences for the identification of opportunities for and barriers to international portfolio investment with important implications for portfolio allocation and asset pricing (Bartram and Dufey, 2001) . In Europe, the harmonization of regulation and social welfare systems, most recently with the focus on pension ar-rangements, has been promoted as an important vehicle to reduce market frictions and barriers to cross-border mobility of all factors of production. In this context, the introduction of the Euro has been a milestone step, triggering heated and in part controversial debate of whether the launch of the common currency represents a sensible tool to force more integration in Europe, or whether, indeed, it would require a higher degree of harmonization prior to the event in order to ensure its success. In fact, the global economic downturn that coincided with the introduction of the Euro has emphasized the existing differences across European countries, and the lack of policy responses has contributed to slow economic growth in major economies (such as Germany and France) and Europe as a whole, culminating in violations of the Growth and Stability Pact.
In theory, if financial markets are not integrated, entailing differential investment and consumption opportunity sets across countries, investment barriers will affect investors' portfolio choices and companies' financing decisions. If purchasing power parity does not hold, exchange rates affect the cost of consumption across countries, and, thus, exchange rate risk influences the price of assets to foreign investors. International asset pricing models recognize these effects by including exchange rate risk as a systematic risk factor (e.g. Solnik, 1974; Stulz, 1981; Adler and Dumas, 1983) and can, thus, be used to empirically investigate the issue of financial market integration (Dumas and Solnik, 1995) . In the same vein, the effect of the Economic and Monetary Union (EMU) on European stock market integration can be examined with a weighted average asset pricing model that includes the covariance between stock returns and exchange rate returns, suggesting that the forward interest differential between a country and Germany has played an important role for the degree of integration (Hardouvelis et al., 2001) .
As the introduction of the Euro means the elimination of exchange rate risk within the Euro area, it has further reduced the remaining differences of investment and consumption opportunities across the member countries of the Euro. As a result, there should be less regional prefer-ences or discrimination between different national markets by investors given the risk and return characteristics of assets. Likewise, the absence of exchange rate risk allows corporations to raise funds across countries with fewer constraints and costs. In addition, the prices of assets in European markets are determined to a larger degree by common factors due to the reduction of exchange rate risk, so that country stock market returns should be more proportionally explained by their covariances with the regional stock market returns (Bekaert and Harvey, 1995; Bekaert et al., 2002; Baele, 2005; Bekaert et al., 2005) .
Consequently, common factor risks in the form of market betas have moved in a similar direction for many stocks after the introduction of the Euro (Bartram and Karolyi, 2003) , and the reduction and elimination of exchange rate volatility has been identified as a main driver of the integration of equity markets among EMU members (Fratzscher, 2002) . At the same time, significant increases in trade between Euro countries as well as trade with outside countries have been observed after the introduction of the Euro, indicating stronger integration of the real sector (e.g. Barr et al., 2003; Micco et al., 2003) . Since capital market integration and increased trade embed a prediction about the dependence between markets (Bekaert et al., 2005; Goetzmann et al., 2005) , we conjecture that the degree of dependence between the equity markets of the countries in the Euro area has increased after the launch of the common currency. 3 Given that expectations about Euro membership were already formed before its determination, it is likely that an increase in the dependence between Euro country equity markets can be observed in the years prior to January 1, European equity markets are still significantly lower than in smaller Euro area markets. These significant differences in transaction costs across European equity markets suggest differential barriers to investment and integration of financial markets within the Euro area. As a result, we hypothesize a stronger increase in dependence between countries with large market capitalization, which may proxy for the remaining disparities between national markets in the Euro area.
For non-Euro European countries, especially the UK, Sweden and Denmark, which require a referendum for joining the Euro, it is interesting to investigate whether market participants believe that these countries are likely to adopt the Euro or not. If market participants expect that they will join the common European currency in the future, we conjecture that one should observe an increase in their market dependence with the Euro-zone equity market. Although increasing dependence is not a sufficient criterion to conclude that these countries will definitely join the Euro, it does reveal information about the expectations of market participants. 4 To illustrate, Danthine et al. (2001) document that there was already a consensus about Euro membership among financial and economic forecasters in January 1998. 5 In addition to foreign exchange rate risk, other barriers to international portfolio investment (including taxes on foreign security holdings and ownership restrictions) are crucial factors that prevent market integration. Consequently, in partially integrated economies, investors' portfolios may be biased towards home assets because the benefits of international diversification are not large enough to offset its costs (Errunza and Losq, 1985; Eun and Janakiramanan, 1986; Cooper and Kaplanis, 2000) . Still, the launch of the common European currency was clearly associated with reduced exchange rate volatility and convergence of interest rates, lower cost of cross-country transactions, improved liquidity, breadth and depth of European capital markets, which have been noted as important drivers of integration in the Euro area (Danthine et al., 2001; Fratzscher, 2002) .
3 Time-varying Copula Dependence Theory
Conditional Copulas
Copula functions permit flexible modeling of the dependence between random variables, by enabling the construction of multivariate densities that are consistent with the univariate marginal densities. They therefore allow separation of the marginal distributions from the dependence structure that is entirely represented by the copula function. This separation enables researchers to construct multivariate distribution functions, starting from given marginal distributions, that avoid the common assumption of normality, for either the marginal distributions or their joint distribution function.
In this paper, we employ single-parameter conditional copulas to represent the dependence between two index returns, conditional upon the historical information provided by previous pairs of index returns. The parameter of the conditional copula, like the marginal densities of the separate index returns, depends upon the conditioning information. The general theory of copulas is covered in the books by Joe (1997) and Nelsen (1999) and finance applications are emphasized by Cherubini, Luciano and Vecchiato (2004) . Important conditional theory has been developed and applied to financial market data by Patton (2006a, b 
, whose marginal distributions are uniform on the interval from zero to one. Then the conditional, copula density function, denoted by
, is defined by the time-varying, bivariate density function of and . Also, the
conditional, bivariate density function of and is given by the product of their copula density and their two marginal conditional densities, respectively denoted by and :
Estimation of Parameters
The bivariate dynamics of the returns and are determined by the three functions , and
. Parameter estimation is straightforward when separate parameters are used in the functions and , which we denote respectively by the θ . The contribution to the log-likelihood of all the data made by the two ob-
. Summing these contributions across a set of times gives the log-likelihood of an observed time series of n pairs of returns
, which can be stated as
with denoting the sum of the log-likelihood function values across observations of the vari-
While it would be optimal to maximize
, simultaneously for all the parameters, this is difficult to achieve in practice because the dimensions of the problem can be large. Drawing on the two-stage maximum likelihood framework of Newey and McFadden (1994) and White 
Models for Marginal Distributions
The conditional densities of equity index returns are leptokurtic and have variances that are asymmetric functions of previous returns (Nelson, 1991; Engle and Ng, 1993; Glosten et al, 1993) .
Consequently, we obtain our marginal distributions by fitting appropriate ARCH models that have conditional Student's t-distributions. 
Models for Bivariate Distributions
The estimated marginal ARCH c.d.f.s provide numerical values of and
. These values are used to estimate a time-varying copula dependence pa- 
The Specification for the Dependence Parameter
Conditional copulas typically contain a time-varying dependence parameter, such as t ρ in the equation above. A few studies have already investigated how to model this time-varying process,
including Rodriguez (2003) , Jondeau and Rockinger (2005) and Patton (2006a, b) . Based on the observation that high correlation is associated with high volatility, Rodriguez (2003) uses a mixed copula. He lets the weights and the marginal distributions follow two-state switching processes. Jondeau and Rockinger (2005) assume that dependence is either a function of its historical values or a deterministic function of time. Patton (2006a) proposes that the current dependence is explained by the previous dependence and the historical average difference of cumulative probabilities for the two assets. A common issue in these studies is an arbitrary choice of the number of regimes or lagged periods.
We follow Patton (2006a) and suppose that t ρ depends on the previous dependence
to capture persistence, and historical absolute differences, 0 |,
, to capture variation in the dependence process. We estimate the following dependence process:
The intuition for the use of is that the smaller (larger) the difference between the realized cumulative probabilities, the higher (lower) is the dependence.
| | 
Data and Summary Statistics
The empirical investigation is conducted for twelve Euro-zone countries (France, Germany, Italy, the Netherlands, Spain, Finland, Belgium, Greece, Ireland, Portugal, Austria and Luxembourg) and five non-Euro European countries (U.K., Switzerland, Sweden, Denmark and Norway). For each country, we obtain ten years of daily values of the stock market index from Datastream. The sample period is from January 1, 1994 to October 31, 2003 and excludes holidays. We also use a Euro-zone stock market index from Datastream for the tests of the dependence between the Eurozone stock market and the equity market in the non-Euro countries. All the indices exclude foreign (cross-listed) stocks and are denominated in U.S. dollars, but we also study results for local currency returns in order to investigate the effect of different numeraires.
For every Euro-zone country, we calculate a modified Euro-zone stock market index by excluding the equities of that country from the Euro-zone index. This is done in order to avoid 7 A logical alternative to the term in (8) is the "sample covariance" . We have obtained similar empirical results from this alternative specification. 8 In order to avoid interpreting global trends as regional trends, we also investigate the timevarying dependence of European equity markets with a U.S. stock market index. As shown in Martens and Poon (2001) , it is essential to have time-synchronized prices when studying equity market co-movements. Therefore, we use values of the S&P500 index at 16:00 London time recorded by Datastream to represent the U.S. stock market index.
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The summary statistics of the returns, defined by changes in the logarithms of these indices, are shown in Table 1 . As anticipated from previous research, most of the series of returns are negatively skewed, leptokurtic and do not have a high first-lag autocorrelation coefficient (independent of the currency denomination). Nevertheless, there are minor differences in skewness and kurtosis between the returns in U.S. dollars and in local currency, which may imply that the numeraire could matter in the analysis of inter-market dependence.
Empirical Results
Modelling dependence by conditional copula densities first requires appropriate specifications for the marginal densities. We use the diagnostic test of Berkowitz (2001) to evaluate the goodnessof-fit of our marginal return densities, specified by the GJR-GARCH-MA-t model given by (6).
The residual series pass the goodness-of-fit test at the 10% level for all 17 European countries indices, the S&P500 index and the Euro-zone index. 8 The definition of the modified Euro-zone index MPI i,t for country i in period t is given by
where MV is the market value of stocks in the country and PI is the country price index expressed in dollars. 9 The S&P500 is the only time-synchronized U.S. index available. Table 2 shows the estimates of the copula dependence model for the twelve Euro-zone countries.
The Euro-zone Equity Markets
The time-varying dependence model is estimated for each country index and the Euro-zone stock market index excluding the examined country. For the purpose of comparison, we also include each country's dependence with the synchronized S&P500 index. All the indices are converted to the same numeraire, namely U.S. dollars. Across all countries and indices, 1 β is always larger than 0.9 and even as high as 0.99 in some cases, which indicates high dependence persistence.
The other autoregressive parameter, 2 β , is much smaller than 1 β d it is rarely significantly different from zero. As expected, the parameter γ is always negative; it is also highly significant, indicating that the latest absolute difference of returns is consistently a relevant measure when modeling market dependence. Overall, the copula log-likelihood function of specifications with the Euro-zone regional index is higher than that with the S&P500 index.
an Figure 1 shows the time-varying conditional dependence, t ρ , for the parameter estimates listed in Table 2 . Overall, the level of dependence within the Euro-zone market is higher than the association of the Euro national markets with the U.S. market. The dependence of the indices of France, Germany, Italy, the Netherlands and Spain with the Euro-zone regional index exhibits an increase during our sample period, while the dependence for Finland, Belgium, Greece and Portugal does not display a regime shift, and that for Ireland, Austria and Luxembourg has actually decreased. Interestingly, some countries, especially Finland, have experienced a higher degree of dependence with the U.S. market.
To test whether there are regime changes in the process generating the conditional correlations, that are statistically significant, and to determine the timing of any such regime shifts, we evaluate five ways to add a regime term λD t into the conditional dependence process (8). Specifically, the dummy variables D are equal to 0 before the first day of one of 1996, 1997, 1998, 1999 and 2000, otherwise they are equal to 1. T-tests and likelihood-ratio tests are employed to assess the significance of these dummy variables. The results indicate that France, Germany, Italy, the Netherlands and Spain have experienced an increase in their dependence with the equity markets of other Euro-zone countries, which most probably started in late 1997 or early 1998 when the membership of the EMU was determined and the relevant information was announced.
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To verify that this phenomenon is unique for the Euro area, we also implement tests that include the same dummy variables in the dependence process (8) for all Euro-zone stock market indices with the S&P500 index. The results indicate that although the dependence for some indices increases during our sample period, the timing is not consistent across countries and does not match the timing of the introduction of the Euro.
Importantly, the findings for changes of dependence with the U.S. market also suggest that the introduction of the Euro is the economic driver of higher market dependence within the Euro area, as opposed to other events that happened at other points in time during the sample period, such as the Asian crisis or the burst of the internet bubble. Note, also, that higher volatility caused by these events does not necessarily entail higher correlation (Bartram and Wang, 2005; Longin and Solnik, 2001) 11 . This is also confirmed by unreported results documenting that, in contrast to market dependence, volatility increased significantly in almost all markets, including small ones, in 1997 and/or 1998. Similarly, while different economies follow different economic/business cycles, there is no obvious link between business cycles and market dependence.
The empirical results largely confirm the hypothesis that only some Euro-zone countries, specifically France, Germany, Italy, the Netherlands and Spain, experienced a rise in their de-pendence with the other Euro-zone countries. 12 Although some of these countries also exhibit an increasing co-movement with the U.S. market, for most countries the relative degree of the increase is higher for the dependence with the other Euro-zone countries.
Nonetheless, there is no evidence of increases in financial market dependence for the remaining Euro-zone countries. We deduce that other significant barriers still play a crucial role for the lower co-movement of smaller markets. As stated earlier (Section 2), significant differences in transactions costs remain after the introduction of the Euro even across Euro-zone equity markets.
The correlation coefficient between market capitalization and total transaction costs (market impact) is about -0.64 (-0.49) for the period 1998-99, which, in line with our findings, indicates that transaction costs and market liquidity are likely to remain the main concern of institutional investors regarding investment in smaller Euro-zone markets. 13 To this end, we estimate a logit model where the left hand side variable indicates whether the stock market in a country shows a significant increase in dependence with the Euro-zone market. After controlling for other country effects such as GDP per capita, legal environment and Euro membership, variables proxying for transactions cost, especially market impact, show a significant negative relationship to the likelihood of increased market dependence. Consequently, country factors may still determine the degree of regional integration and financial market co-movement (Guiso et al., 2003) , as institutional investors focus on large European equity markets with low transactions cost and high liquidity.
Non-Euro European Equity Markets
In order to investigate whether equity market dynamics say anything about beliefs that non-Euro European countries will adopt the Euro, we model the time-varying conditional dependence between the equity indices of these countries and the Euro-zone regional stock market index. For comparison, we provide estimates for these national indices with the S&P500 index as well. All indices are denominated in U.S. dollars. As shown in Table 3 , the basic properties of the estimated parameters are the same as in Table 2 . Figure 2 displays the estimated dependence with the Euro-zone regional index and with the S&P500 index. Although there is no obvious regime change compared to Euro countries, it appears that the U.K. and Sweden also experienced a slight increase in their dependence with the Euro-zone market, while there is no structural change in comovement with the U.S. market. On the other hand, Switzerland, Denmark and Norway do not exhibit a clear regime shift, neither with the Euro-zone market nor with the U.S. market.
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The U.K. and Sweden are potential candidates for introducing the Euro. Nevertheless, while we find increased dependence of their stock market indices with the Euro-zone stock market index, the evidence is not sufficiently strong and thus the future development of the dependence in all financial markets still needs to be studied further before firm conclusions can be drawn.
We leave these issues for future research. At present, what we can suggest is that the comovement of the British and Swedish stock markets with the Euro-zone equity market has increased in the second half of the 1990s even though they are not part of the currency union, which may reflect the expectations of market participants' about the adoption of the Euro in these countries in the future.
Robustness Tests
When investigating the consequence of the Euro introduction on market dependence in the above analysis, the perspective of the same investor is adopted and, thus, all of the indices are denominated in U.S. dollars. In order to investigate the sensitivity of the results to different base currencies, we discuss the influence of the numeraire by changing the currency of reference. To this end, we first repeat the estimations by using the Euro (EUR) as the common measure to assess the dependence between the Euro-zone regional index and the Euro-zone national stock market indices and compare the fitted dependence processes with the results using the indices in U.S. dollars. A typical result, shown in Figure 3 , indicates that there is little difference between these two dependence processes, since the average level, the patterns and the development over time of the correlations are very similar, which may imply that the choice of numeraire does not matter as long as the same currency is chosen for a pair of markets.
Next, we repeat the estimations by using the individual local currency for the non-Euro equity indices, but keeping the Euro-zone stock index in U.S. dollars. We compare the fitted dependence processes for these national indices in their local currencies and in dollars and show a typical result in Figure 4 . The gap between these two processes becomes larger than that using the same currency for a pair of indices (e.g. Figure 3 ) and the magnitude of the gap varies across countries. We suggest that this result is due to the different local currencies and the gap size may depend on the development of the exchange rate. However, for the purposes of this study, the numeraire has no effect on the conclusions.
Another potential concern is that we use price indices in our empirical implementations, rather than total return indices, and thus neglect the effect of dividends. Nonetheless, we observe that the time series of daily dividends for indices do not vary much and will not have a significant impact on our results. To validate this point, we compare the estimates of the dependence between the Euro-zone index returns and the non-Euro country returns calculated first from the price indices and second from the total return indices. We find that for all pairs of markets, the values of marginal and copula likelihood functions are almost unchanged when we use total return indices instead of price indices. All of the differences in the log-likelihood are smaller than 1. In addition, the estimated dependence processes from price indices and total return indices almost overlap for all pairs of markets.
In the framework of the copula method, there is no analytical relationship between the copula parameter t ρ and the conditional correlation between two index returns when at least one marginal distribution is non-Gaussian. The correlation can only be calculated numerically from a double integral involving the bivariate density. Unreported numerical results show that when the marginal distributions follow Student's t, as assumed in this paper, the Gaussian copula dependence parameter is almost equal to the correlation. This is also confirmed by the very similar dependence processes estimated using our conditional copula model and the dynamic conditional correlation (DCC) model of Engle and Sheppard (2001) , which is illustrated by Figure 5 .
Concluding Remarks
In this paper, we propose a general time-varying copula dependence model in order to study market linkages. Subsequently, we use this model to investigate the impact of the introduction of the Euro on the dependence of equity markets in Europe. In particular, we investigate whether there are significant changes in the time-varying dependence structure of markets within the Euro area as well as between equity markets of countries in the Euro area and non-Euro European countries.
We find that market dependence within the Euro area increased only for some countries, like
France, Germany, Italy, the Netherlands and Spain, which are characterized by relatively large equity market capitalization, comprehensive regulations, high liquidity, and low transaction and information costs. When testing for alternative structural breaks in market dependence, we find that the increase in dependence started in late 1997 or early 1998 when Euro membership was determined and announced. The results suggest that the introduction of the Euro increased financial market dependence in the Euro area as a likely result of increased European integration.
In contrast, most of the remaining European countries continue to lack significant dependence with the Euro area. Nevertheless, we do find that the co-movement of the British and Swedish stock markets with the Euro-zone market slightly increased. This may indicate that at least some market participants actually expected the adoption of the Euro in these countries. However, we suggest further research on the development of non-Euro financial markets since the existing evidence is not of sufficient strength to draw firm conclusions. Our approach can be extended to a multivariate model, which is useful for portfolio and risk management. Future research may apply this model to study changes in the dependence of other asset markets in order to provide a broader basis for conjectures about whether and when these countries may join the Euro. Estimates of the dependence of 12 Euro-zone country stock market indices with the Euro-zone stock market index and with the S&P500 index, using the following model settings. All indices are denominated in USD. Markets are sorted by decreasing market capitalization. The bivariate density h(x,y) is given by (1) and depends on the Gaussian copula function c (u,v) defined by (7) with correlation parameter ρ t given by The numbers in brackets ( ) are P values and 0.0000 means that the value is less than 0.00005. LLF(c) is the maximum of the copula component of the log-likelihood function. The numbers in brackets ( ) are P values and 0.0000 means that the value is less than 0.00005. LLF(c) is the maximum of the copula component of the log-likelihood function.
Figure 1: Dependence of Euro-zone Country Stock Indices with the Euro-zone Stock Index and with the S&P500 Index
The figure shows the time-varying conditional dependence of 12 Euro-zone country stock indices with the Euro-zone regional stock index and with the S&P500 index. All indices are denominated in USD. The Euro-zone stock index excludes the examined country. The S&P500 index is observed at 16.00 London time. The dark line shows the dependence with the Euro-zone stock index, the light line shows the dependence with the S&P500 index. The figure shows the time-varying dependences of the Dutch stock index with the Euro-zone stock index in USD, estimated by the conditional Gaussian copula method and the dynamic conditional correlation (DCC) model of Engle and Sheppard (2001 
